ABSTRACT
characterized by spring bud break (bud flush) and summer growth cessation followed by leaf 147 senescence in autumn (Fig. 1 ). The latter two events are cued by photoperiod (Fracheboud et al. 148 2009) and have an adaptive significance displaying highest heritability (Alberto et al. 2013) . As 149 photoperiod regime is precisely the same from year-to-year, one can calculate critical 150 photoperiod from observational data given the calendar date and latitude (Withrow, 1959 ). An earlier bud set among high latitude trees might result in severe infestation of
156
Melampsora leaf rust in a common garden setting due to natural selection trade-offs between 157 growth phenology and disease resistance (McKown et al. 2014b) .
159
Given the emergence of willows for biomass, bioenergy and environmental applications, many which are adapted to a wide range of environmental conditions (Argus 2010) . The diamond or 165 heart-leaf willow, S. eriocephala Michx., spans a broad geographic range coupled with diverse 166 climatic conditions (Dorn 1970) , whereby selective pressure on growth physiology and seasonal 167 phenology traits is expected to vary extensively.
168
Considerable intraspecific variation in growth phenology and genetic diversity was documented
170
by earlier studies in Salix species that are highly correlated with their latitude of origin and/or 171 growing season length (Weih et al. 2011 , Trybush et al. 2012 , Berlin et al. 2014 , and Pucholt et 172 al. 2015 . Quantitative Trait Loci (QTLs) associated with growth phenology traits such as bud 173 burst, elongation growth and leaf abscission were identified in Salix spp. (Ghelardini et al. 2014) .
174
Through association mapping analysis significant associations for bud burst, leaf senescence and 175 biomass traits were reported in S. viminalis (Hallingback et al. 2015) .
177
In the present study, we investigated the factors that govern local adaptation by making use of a 
Common garden establishment

219
At Indian Head, the site assigned for the establishment of common garden was left fallow during 220 the 2012 summer. In September, nine soil cores were randomly taken from 0−15 cm depth using 221 an auger to acquire a representative sample along the length of the common garden (3 acres).
222
Upon air drying the soil cores were processed separately, bagged and sent for soil testing at 
RESULTS
326
The major aim of this study was to evaluate the extent of intraspecific variation in growth 327 physiology and seasonal phenology of S. eriocephala; hence, genotypes were selected to be 328 representative of a broad range of latitudes and longitudes. The geographical range spanned 15° 329 in latitude and 52° in longitude, with elevation ranging from 4 to 800 m ( 
345
Spring bud flush occurred within a week's time, whereas, leaf senescence spanned over 80 days.
346
At our common garden location, the green cover duration ranged from 98 days to 166 days 347 leading to variances in overall height gain and biomass accrual. were positively correlated to each other and also with A.
Most of the phenological traits were negatively correlated to ecophysiological traits (Fig.3) nitrogen between roots and shoots in S. eriocephala. At high latitudes, greater susceptibility to insect and disease is largely explained by evolution of 601 plant defenses which display latitudinal clines (Anstett et al. 2015) . As observed in this study, under 100× magnification using phase contrast microscopy), B. mean stomatal density (SD), C. for minimum, moderate and maximum rust symptoms in the leaves, respectively.
SF1 A.
Common garden site preparation prior to willow planting.
